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The purpose of this study was to examine the transfer of consequential (reinforcement and punishment)
functions through equivalence relations. In Experiment 1, 9 subjects acquired three three-member
equivalence classes through matching-to-sample training using arbitrary visual forms. Comparison
stimuli were then given conditioned reinforcement or punishment functions by pairing them with
verbal feedback during a sorting task. For 8 of the 9 subjects, trained consequential functions transferred
through their respective equivalence classes without additional training. In Experiment 2, transfer of
function was initially tested before equivalence testing per se. Three of 4 subjects showed the transfer
without a formal equivalence test. In Experiment 3, 3 subjects were given training that gave rise to
six new three-member conditional equivalence classes. For 2 of the subjects, the same stimulus could
have either a reinforcement or punishment function on the basis of contextual cues that defined its
class membership. Experiment 4 assessed whether equivalence training had established general or
specific consequential functions primarily by adding novel stimuli in the transfer test. Subjects treated
even novel feedback stimuli in the transfer test as consequences, but the direction of consequential
effects depended upon the transfer of specific consequential functions through equivalence relations.
Key words: stimulus equivalence, conditional stimulus equivalence, transfer of functions, specific

versus general stimulus functions, verbal relations, matching to sample, humans

Stimulus equivalence is receiving increased
attention by behavior analysts. Part of the in-
terest may be because equivalence phenomena
are not easily derived from traditional behav-
ior-analytic formulations of stimulus control.
Perhaps more importantly, however, the study
of stimulus equivalence may constitute the be-
ginning of a more adequate experimental anal-
ysis of verbal functions (Devany, Hayes, &
Nelson, 1986; Hayes, 1986; Sidman & Tailby,
1982).

Equivalence relations would be of limited
ultimate importance to psychologists (and of
little use as a working model of verbal stimuli)
if these relations did not combine with other
psychological processes. Particularly impor-
tant is the transfer of functions through equiv-
alence relations (Hayes & Hayes, 1989). Two
types of functions have been examined so far
in the literature: discriminative functions and
consequential functions.

Transfer of these kinds of functions is ex-
pected among verbal stimuli, although the pro-
cess through which this occurs is unknown.
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Reno, Nevada 89557-0062.

For example, suppose a child is trained that
the name for dogs is "dog." Later the child
plays with a dog for the first time and enjoys
it. Now, upon hearing the words, "there is a
dog," the child may approach an area indicated
by the speaker, even though a dog is not visible
and the child may have no direct history of
reinforcement for approaching upon hearing
the word "dog." To the extent that equivalence
provides a working model of verbal stimula-
tion, we might say that dogs have become dis-
criminative stimuli for approach directly
through play, and the word "dog" has ac-
quired a discriminative-like function, not
through a direct history, but indirectly through
its participation in an equivalence relation with
dogs. The literature on the transfer of func-
tions across equivalence relations supports the
basic outlines of such an analysis. Transfer of
discriminative functions has been shown across
equivalence relations in simple equivalence
classes (Hayes, Devany, Kohlenberg, Brown-
stein, & Shelby, 1987; Kohlenberg, Hayes, &
Hayes, in press) and conditional equivalence
classes (Wulfert & Hayes, 1988), and across
symmetrically related stimuli (e.g., Catania,
Horne, & Lowe, 1989; de Rose, McIlvane,
Dube, Galpin, & Stoddard, 1988; Gatch &
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Osborne, 1989; Lazar, 1977; Lazar & Ko-
tlarchyk, 1986).

In much the same way, consequential func-
tions seem to transfer through semantic rela-
tions. An English-speaking person learning for
the first time that "good" in Spanish is "bueno"
and that "bueno" in French is "bon" may
respond to "bon" as a reinforcer without any
direct history of pairing "bon" with primary
reinforcers. "Bon" and "good" both function
as reinforcers, but the histories involved may
differ. "Good" may have acquired its condi-
tioned reinforcement function directly, whereas
"bon" acquired it indirectly through its par-
ticipation in an equivalence relation with
"good." There is much more limited support
for this idea from the equivalence literature.
Only one study has yet shown the transfer of
reinforcement functions across equivalence re-
lations (Hayes et al., 1987).
The purpose of the present study was to

examine further the transfer of consequential
functions through equivalence relations. The
Hayes et al. (1987) study had two major meth-
odological difficulties. First, only two compar-
ison stimuli were used in training, a prepa-
ration with known difficulties (Sidman, 1987).
Second, training was done through direct ex-
perimenter contact with the subject, allowing
the possibility of accidental experimenter cu-
ing. The present studies were designed to re-
solve these difficulties.
The present study also examined several ad-

ditional issues. First, we attempted to distin-
guish general and specific consequential func-
tions. Distinguishing between general and
specific functions is an issue in all studies of
transfer of functions. The structure of exper-
imental tasks alone, given subjects' preexper-
imental histories, may establish particular
general stimulus functions. For example, the
presentation of stimuli following task perfor-
mance in the manner usually associated with
task feedback may establish these stimuli as
consequences independently of any other con-
tact with the specific stimuli involved. Transfer
of functions through equivalence or other ar-
bitrary relations may then go on to establish
the specific stimulus functions (e.g., that Stim-
ulus X is "good"). None of the transfer-of-
function studies in the equivalence area has
yet attempted to assess whether general or spe-
cific functions were transferring via equiva-
lence relations. There are some indications,

however, that the issue may be important. For
instance, control subjects in the Hayes et al.
(1987) study who were given novel stimuli as
feedback stimuli tended to treat these stimuli
as meaningful. This resulted not in random
performances, but in either consistently "cor-
rect" or "incorrect" performances. Thus, gen-
eral consequential functions may have been
derived from the task structure itself in pre-
vious studies.

Second, the present series of experiments
examined whether the transfer of functions
depended upon the usual equivalence test. Some
have argued that equivalence relations are
likely to form when they are tested (Sidman,
Kirk, & Willson-Morris, 1985). This is a dif-
ficult proposition to assess. If it can be shown
that functions can transfer among stimuli be-
fore formal equivalence testing, this would at
least suggest that an equivalence test, as it is
usually performed in equivalence studies, is
not necessary to the formation of these rela-
tions.

Third, the present study examined the
transfer of functions through conditional
equivalence classes. Semantic relations are al-
ways under contextual control. This may lead
to contextual regulation of the functions of a
given stimulus. For example, a teenager may
learn to treat "that's bad" as a reinforcer when
said by a peer but as a punisher when said by
a parent. In the context of a peer, "that's bad"
may be in an equivalence relation with "great";
in the context of a parent, "that's bad" may
be in a relation with "terrible." This kind of
situation was also examined in the present
study. Finally, several controls were added that
allowed the transfer of functions through
equivalence relations to be distinguished from
other processes.

EXPERIMENT 1
METHOD

Subjects and Setting
Nine students in introductory psychology

participated in Experiment 1 for course credit.
All subjects were scheduled for one 2-hr block
of time and, when necessary to complete the
experiment, were asked to participate in ad-
ditional sessions. Subjects could decline to par-
ticipate at any time.
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Apparatus and Materials
Sessions were conducted in a room (3 m by

4 m), with subjects seated at a table on which
were a color computer monitor and a keyboard.
Stimulus equivalence materials consisted of ar-
bitrary visual symbols, approximately 6 cm in
diameter (see Figure 1 for those used in all
four experiments). A sample appeared in the
center of the top half of the monitor screen in
a box (7 cm by 7 cm) made by a 0.25-cm red
line, and three comparisons appeared at the
bottom of the screen, each in a similar red box.

Stimuli used in the sorting task consisted of
three-letter nonsense syllables, generated in sets
of three syllables each. To ensure adequate
differentiation, the first letter of each nonsense
syllable within each set differed from every
other first letter, but otherwise syllables were
generated randomly (letter by letter) by the
computer as needed. The syllable to be sorted
appeared in the center of the top half of the
monitor screen with three three-sided bins (7
cm wide) made by a 0.25-cm red line displayed
at the bottom of the screen.
Procedure

All subjects were trained individually. The
sessions lasted from 45 min to 2 hr. Instruc-
tions explaining task requirements appeared
on the monitor.

Training consequential functions. The first
three phases of Experiment 1 established one
arbitrary visual stimulus as a conditioned re-
inforcer and another as a conditioned punisher
via direct pairing with preexisting conse-
quences. During each trial, one of a set of three
three-letter nonsense syllables appeared at the
top of the screen. Subjects sorted syllables into
bins, selecting one of three red bins that ap-
peared at the bottom of the screen. Sorting
consisted of pressing one of three keys on the
keyboard, corresponding to the left, middle,
and right bin. After a key press, the syllable
appeared in the bin selected, and a white line
around the red bin blinked silently every 0.25
s. Pressing the enter key while the bin blinked
confirmed the choice. To show that the choice
had been confirmed, the white line around the
bin blinked rapidly with short staccato notes
played for 0.5 s. If the enter key was not hit,
the bin stopped blinking after 2 s and a new
choice could be made.
The instructions to the subject were deliv-

ered by the computer and were as follows:

1 2 3

B

C

D TI
Fig. 1. The arbitrary symbols used in the conditional

discrimination training and equivalence testing through-
out all four experiments.

In this part of the experiment your task is to
sort syllables into bins. Do this by striking one
of the three marked keys on the top row. While
the bin is blinking white you may confirm your
choice by hitting the enter key. You may change
your choice by not hitting the enter key and
when the bin stops blinking, making a new
choice.

To ensure that the subject understood the in-
structions, a brief program then presented the
subject with a syllable (not otherwise used in
the experiment) and asked him or her to hit
one of the bin selection keys and the enter key.
When a subject did so, the program placed the
syllable in the selected bin, blinked the bin
rapidly with staccato notes, and displayed the
words "Good. See how it works?" When the
subject showed, by key pressing, that he or she
understood the task instructions, the instruc-
tions concluded with: "During some parts of
the experiment you may not receive any feed-
back. Remember, your task is to sort the syl-
lables into bins."

Within each set of three nonsense syllables,
one each was randomly assigned to be "cor-
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rect" when sorted to the left, middle, or right
bin. (Speaking of performances as "correct"
and "incorrect" has generally been avoided by
behavior analysts, but no other convenient se-
mantic convention presents itself. We place
these terms in quotes here to remind the reader
that a behaving subject is always correct in a
natural-science sense of the term.) Feedback
initially consisted of three elements: a nonrep-
resentative visual form ("B1" or "B3"), a
printed word, and a tone. If the sorting re-
sponse was correct, the B1 stimulus immedi-
ately appeared in the upper right corner of the
screen for 1 s, disappeared for 0.5 s, and then
was redrawn. For incorrect responses, the B3
stimulus was used. After an additional second,
and while the Bl or B3 stimulus remained on
screen, the word "correct" or "incorrect" ap-
peared for 2 s, superimposed on the particular
B stimulus, which otherwise remained visible.
While both remained on screen, a 2-s ascend-
ing (correct) or descending (incorrect) two-tone
sound occurred. The next trial was then pre-
sented.

Sorting training was presented in 15-trial
blocks; within each block each syllable was
presented randomly five times. Training con-
tinued with the same three syllables until at
least 90% of the trials were correct within a
15-trial block (i.e., no more than one error per
15-trial block). A criterion of 90% correct was
used for all tasks throughout all experiments.
A new set of three syllables was then created
and sorted using the Bl/B3 stimuli and the
words "correct" and "incorrect" as feedback
without the tone. If criterion was reached
within 30 trials, a new set of three syllables
was generated and sorted using the B1/B3
stimuli alone as feedback. If criterion was not
reached in this test within 30 trials, training
of consequential functions began again with
new sorting stimulus sets and the original feed-
back stimuli (words, tones, and nonsense
forms).

Conditional discrimination training. As soon
as the Bi and B3 stimuli functioned as rein-
forcers or punishers in the sense that they could
be used to train new performances, conditional
discrimination training by way of a matching-
to-sample procedure began. Each trial con-
sisted of a sample appearing at the top of the
screen for 2 s, followed by the presentation of
three comparison stimuli at the bottom (e.g.,
Al at the top and Bi, B2, B3 at the bottom).

A key press on one of the three designated keys
resulted in a white box being drawn around
the red comparison box selected, the white box
blinking silently every 0.25 s. Pressing the
"enter" key while the box blinked selected the
stimulus. To show that the choice had been
confirmed, the white line around the box
blinked rapidly with short staccato notes played
for 0.5 s. If the "enter" key was not struck,
after 2 s the box stopped blinking and a new
comparison could be selected. As soon as a
comparison stimulus was selected, the word
"correct" or "incorrect" appeared in the upper
right corner of the screen, along with an as-
cending or descending two-tone sound, re-
spectively.
The instructions to the subject were pre-

sented by the computer and were as follows:
In this part of the experiment, your task is to
note the symbol at the top and then to choose
a symbol from the bottom. Do this by striking
one of the three marked keys on the top row.
While the box is blinking white you may con-
firm your choice by hitting the enter key. You
may change your choice by not hitting the enter
key and when the box stops blinking, making
a new choice.

To ensure that the subject understood the in-
structions, a brief program then presented a
sample and three comparisons (not otherwise
used in the experiment) and asked the subject
to press one of the marked keys corresponding
to the three comparison stimuli and then the
enter key. When a subject did so, the program
blinked the box rapidly with staccato notes and
displayed the words, "Good. See how it
works?" When the subject showed, by key
pressing, that he or she understood the task
instructions, the instructions concluded with:
"During some parts of the experiment you
may not receive any feedback. Remember, your
task is to note the symbol at the top and then
to choose a symbol from the bottom."

Subjects were initially trained to select one
of three comparison (B) stimuli in relation to
one of three sample (A) stimuli (Al-Bl; A2-
B2; A3-B3). Each of the three stimulus pairs
was first trained by itself (e.g., Al: Bi, B2, B3
would be presented over and over with only
the position of the comparisons varying), using
10-trial blocks. When a 90% criterion was
reached on each, the three problems were mixed
and presented in 18-trial blocks (in 18-trial
blocks, the 90% criterion meant that no more
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than one error was permitted). Throughout
the experiment, each relevant problem (e.g.,
Al-Bl) was presented an equal number of
times, in random order, in a given training or
testing block. Training continued until the cri-
terion (90% correct) was reached within a block
of trials. Following A-B training, A-C rela-
tions were trained to criterion in the same fash-
ion. A-B and A-C sets were then mixed and
trained to criterion in blocks of 36 trials.

Equivalence testing. After the conditional
discrimination training, subjects received a
randomly ordered, 36-trial symmetry test on
all B-A and C-A relations (B1-Al, B2-A2, B3-
A3, Cl-Al, C2-A2, C3-A3), with an equal
number of presentations of each derived re-
lation and no feedback. If criterion was not
met, additional mixed A-B/A-C training was
provided.
Upon meeting criterion in the symmetry test,

the subjects then were presented with a similar
36-trial equivalence relation test on all six
B-C/C-B relations (Bi-Ci, B2-C2, B3-C3,
Ci-Bi, C2-B2, C3-B3), with no feedback. If
criterion was not met, subjects received addi-
tional A-B/A-C training. Once criterion was
met on all derived relations (C-A/B-A/B-C/
C-B), subjects proceeded to transfer testing.

Transfer testing. Subjects were exposed to a
sorting task identical to that used to train con-
sequential functions except that new sorting
stimuli were generated and only Cl and C3
stimuli were used as feedback. Subjects were
exposed to the sorting task in 15-trial blocks.
Reaching a 90% correct criterion in a block
terminated the experiment. If after six 1 5-trial
blocks criterion was not reached, a new set of
sorting stimuli was generated and the Bi and
B3 stimuli were retested for consequential
functions in a 15-trial block. Failure in this
task lead to a retraining of consequential func-
tions. Whether or not the B stimuli had re-
tained their effects, subjects were then also
retrained in the underlying conditional dis-
criminations and readministered symmetry and
equivalence tests. The transfer test was then
repeated with a new set of sorting stimuli. The
second test was limited to a maximum of three
blocks of 15 trials.

RESULTS AND DISCUSSION
The number of training trials and testing

results for all 9 subjects are seen in Figures 2

and 3. Eight of the 9 subjects showed a transfer
of consequential functions through a three-
member equivalence class. All subjects learned
via direct training to treat B1 and B3 as in-
dicators of correct and incorrect responding.
Eight of the 9 subjects required 75 to 120 trials;
1 subject took 315 trials. All subjects also ac-
quired the conditional discriminations. A-B and
A-C relations were learned in 48 to 76 trials
each. All subjects then immediately reached
criterion in the first 36-trial block of mixed
A-B/A-C training.

Six of the 9 subjects (1, 2, 4, 5, 6, 7) im-
mediately reached criterion on a symmetry test.
The remaining 3 subjects (3, 8, 9) passed after
a single reexposure to A-B/A-C mixed train-
ing. All subjects passed the equivalence test as
soon as symmetry was acquired.
The transfer test was the main focus of Ex-

periment 1. Successful completion of this test
required that the subjects treat Cl as correct
and C3 as incorrect. The only relation between
the B stimuli (with directly trained conse-
quential functions) and the C stimuli was their
common relation to the A stimuli. Six of the
9 subjects (1 through 6) showed the transfer
on their first sorting problem (see Figure 2).
Three subjects (2, 3, 4) did so in the first 15-
trial block; 2 subjects (1, 6) took two blocks,
and 1 subject (5) took four blocks. The data
for the 2 subjects (2, 4) who showed perfect
performance in the first block of trials are not
as surprising as they appear because subjects
who respond correctly to the functions of the
C stimuli can eliminate alternatives once even
a single lucky guess is made about the correct
position for a given syllable. If the first guess
is correct (which it should be one out of three
times), the next type of syllable must go into
one of only two remaining sorting bins. Mul-
tiplying the two probabilities and assuming
functions for the consequential stimuli, perfect
performances should be expected one out of
six times.
The remaining 3 subjects (7 through 9) got

virtually none of the problems correct in the
initial six blocks of 15 trials (see Figure 3).
Subject 8 showed on retesting that the B stim-
uli were no longer functioning to criterion as
reinforcers and punishers. After retraining and
equivalence testing, this subject passed the
transfer test, requiring three 15-trial blocks.
For Subject 7, the B stimuli had retained their
consequential functions and, after a review of
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Fig. 2. The performance of Subjects 1 through 6 during training and symmetry, equivalence, and transfer tests in

Experiment 1. Each data point represents nine trials for the symmetry and equivalence tests and five trials for the
transfer tests.

training, this subject passed the next sorting
transfer test in two blocks of trials. Subject 9
also still showed the consequential functions
of the B stimuli but failed to show successful
transfer of these functions to the C stimuli in
the second transfer test.

Experiment 1 showed, with a single excep-
tion, that consequential functions established
with one member of an equivalence class
seemed to transfer to another member of that
class. Six of the 9 subjects showed the effect
in the first testing period, and 2 additional
subjects demonstrated it in the second testing
period.

In Experiment 1, the B stimuli were given
a consequential function before they were seen
in a matching-to-sample format. This might
facilitate the transfer of functions throughout
an equivalence relation because the functions
of the stimuli could participate in the condi-
tional discrimination training itself. In Ex-

periment 2, the sequence of consequential
training and matching-to-sample training was
reversed so that conditional discriminations in-
volved only novel figures. Experiment 2 also
addressed a direct pairing interpretation of the
results of Experiment 1. The B and C stimuli
had been seen together in the equivalence test,
and a successful equivalence test involved the
direct temporal pairing of B and C, as the
subject first looked at one and then selected
the other. Thus, although the equivalence test
performance per se may reflect equivalence
relations, the direct pairing of stimuli pro-
duced by the test performance might explain
the transfer of functions observed. In Exper-
iment 2, we addressed this issue in two ways.
First, we assessed for a transfer of functions
before any equivalence testing. Second, if such
testing was necessary, only symmetry tests were
used. This ensured that the stimulus with
trained consequential functions never ap-
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peared together with stimuli used as conse-
quences in the transfer test. Finally, larger
classes were used in Experiment 2.

EXPERIMENT 2
METHOD

Subjects and Procedure
Four subjects (2 males and 2 females), sim-

ilar to those in Experiment 1, served in Ex-
periment 2.

Training and testing procedures were ba-
sically as described in Experiment 1. There
were modifications in the sequencing of phases
to permit training and testing of consequential
effects after the underlying conditional dis-
criminations were trained, and to establish
larger classes. Other minor changes were made.
Specifically:

1. Within each set (A-B, A-C, and A-D),
problems were randomly mixed in 15-trial
blocks (five trials for each relation), without

first having 1 0-trial blocks of single component
problems. For example, during A-B training,
Al-Bl, A2-B2, and A3-B3 relations were
trained in a randomly mixed block without
first separately training each relation as in Ex-
periment 1. After A-B, A-C, and A-D training,
all problems were randomly mixed in a 27-
trial block, with three presentations of each
trained relation.

2. Symmetry testing (B-A, C-A, and D-A
in a randomly mixed 18-trial block covering
each of the nine derived relations twice) was
conducted as in Experiment 1, but only if sub-
jects first twice failed the transfer test. No ad-
ditional equivalence tests were used.

3. Conditioned reinforcement and punish-
ment training were conducted as before. How-
ever, this phase appeared after the conditional
discriminations had been mastered. Two
transfer tests involving different sets of non-
sense syllables then followed immediately, one
with C1/C3 as in Experiment 1 and the other
with a random mix of Cl and Dl for correct
answers and C3 and D3 for incorrect answers.
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RESULTS AND DISCUSSION
The results for all 4 subjects can be seen in

Figure 4. All subjects apparently showed
transfer of consequential effects through the
three-member equivalence classes. Subjects re-
quired between 102 and 117 conditional dis-
crimination training trials before reaching cri-
terion (90%). Subjects required between 60
and 165 training trials before the B stimuli
functioned predictably as consequences. Three
of the 4 subjects (21, 22, and 23) showed trans-
fer of consequential functions to the C stimuli
on the first transfer test. These 3 subjects also
showed transfer to the mixed C and D stimuli;
each took three blocks of trials to reach cri-
terion (see Figure 4). Note that these transfer
tests occurred in the absence of any equivalence
testing of the usual type. The C and D stimuli
acquired the functions of the B stimuli for these
subjects even though the B, C, and D stimuli
had never appeared together in any way.

Subject 24 initially responded consistently
incorrectly in the transfer test. After receiving
additional conditional discrimination training,
he responded in the same fashion. The con-
sistency of his responding suggests that the
experimental task itself had defined these stim-
uli as consequential because the subject was
apparently treating the C1 stimulus to mean
"incorrect" and the C3 stimulus to mean "cor-
rect." This pattern had also been seen in Ex-
periment 1 (Subjects 7 and 8) in the early
phases of testing. It is possible that Subject 24
was doing so because equivalence relations had
not formed. This kind of performance has been
seen in other transfer of function studies when
equivalence testing was delayed until after
transfer had been assessed (Wulfert & Hayes,
1988). However, after equivalence relations
were tested, transfer then occurred (Wulfert
& Hayes, 1988). Thus, Subject 24 was exposed
to symmetry testing after additional mixed
conditional discrimination training. He reached
criterion on this symmetry test. On the next
transfer test (following additional reinforce-
ment training), his performance met criterion
on the C stimuli but then failed to do so on

the mixed C and D stimuli. He was given
additional conditional discrimination and re-

inforcement training, after which he displayed
a performance just short of criterion on the
first C transfer test. He then received addi-
tional conditional discrimination and rein-

forcement training, and met criterion both with
the C stimuli and with the C and D stimuli.

Experiment 2 provides evidence that con-
sequential functions can transfer through
equivalence relations without training of these
functions before conditional discrimination
training. Three of the 4 subjects showed the
effect without any formal equivalence testing,
and the 4th subject demonstrated the effect
after symmetry testing. In addition, no subjects
ever saw the B, C, and D stimuli together on
the screen during the experiment. Thus, direct
pairing is unlikely as an explanation for the
results. All subjects showed the effect with four
different stimuli simultaneously (Cl, Dl, C3,
and D3). It is possible, however, that the initial
test with the C stimuli only made participation
of the D stimuli in the equivalence class un-
necessary for transfer to occur. Once subjects
learned that Cl meant "correct," they could
determine that any stimulus shown as a con-
sequence for the same sorting performance
must also mean "correct." Future research on
the size of classes and the transfer of functions
should test the various stimuli separately for
transfer effects to avoid this problem.

In Experiment 3 we attempted to extend the
findings of Experiments 1 and 2 to conditional
equivalence relations. The stimuli changed
class membership such that a given stimulus
was sometimes in a class with a correct stim-
ulus and sometimes in a class with an incorrect
stimulus.

EXPERIMENT 3
METHOD

Subjects
The 8 subjects who showed transfer of con-

sequential functions through simple equiva-
lence classes in Experiment 1 were invited to
be subjects. Five of the subjects did not have
time for the additional experimentation. The
remaining 3 subjects served in Experiment 3.

Procedure
The sequence and nature of training and

testing were identical to that used in Experi-
ment 1, except that another set of nonrepre-
sentative visual stimuli was used in the match-
ing-to-sample training, and subjects received
second-order conditional discrimination train-
ing, conditional equivalence testing, and a con-
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ditional transfer of function test as described
below. The contextual stimulus used for the
second-order conditional discrimination test-
ing was a 2-cm wide red or green border around
the screen periphery, inside of which the con-
ditional discrimination training occurred.
When the border was red, subjects received
the conditional discrimination training nec-
essary to form three three-member equivalence
classes: Al, BR, Cl; A2, B2, C2; A3, B3, C3.
When the border was green, the classes trained
were Al, Bi, C3; A2, B2, C2; and A3, B3,
C1. Thus, the C1 and C3 stimuli changed class
membership under the two contextual cues.
The initial training of consequential func-

tions (the first phase of this experiment) was
conducted with neither a red nor green con-
textual cue and was identical to the training
in Experiment 1. Six A-B relations were
trained (Red: Al-Bl, A2-B2, A3-B3; Green:
Al-Bl, A2-B2, A3-B3). As in Experiment 1,
subjects were first trained on each specific re-
lation separately in 10-trial blocks before being
exposed to 18-trial blocks of these six relations
randomly mixed (three trials per relation).
During the mixed A-B training blocks, the
border was randomly red or green half of the
time, but the correct comparison remained the
same in either contextual condition. The A-C
relations were then similarly trained but in
this phase the same stimulus could be correct
or incorrect as related to the same sample,
depending upon the contextual cue (Red: Al-
Cl, A2-C2, A3-C3; Green: A1-C3, A2-C2,
A3-C 1). When criterion was met, subjects were
then presented with 36-trial blocks of ran-
domly mixed A-B/A-C training (three trials
each of all 12 trained relations). When the
criterion was met, the subjects then received a
randomly mixed 36-trial symmetry test on all
B-A and C-A relations under both contextual
conditions (three trials of each of 12 relations).
If criterion was not met, mixed A-B/A-C
trained recommenced. If the symmetry crite-
rion was met, subjects were exposed to a 36-
trial randomly mixed test of all B-C and C-B
relations in both contextual conditions (three
trials of each of 12 relations). If the equiva-
lence criterion was not met after a 36-trial
block, A-B/A-C training recommenced. If cri-
terion was met, a transfer test was presented
without further tests for equivalence.
The transfer test was identical to that in

Experiment 1 (to which these subjects had been

exposed) except that new sorting stimuli were
used for each test and the two contextual cues
now appeared around the periphery of the
sorting task screen for the first time. Three
syllables were sorted as before, but now when
the border was red, Cl followed correct sorts
and C3 incorrect sorts; when the border was
green, C3 followed correct and Cl incorrect
sorts. The contextual cue was varied randomly
across sorting trials during 15-trial blocks.

RESULTS AND DISCUSSION
The results for each subject are shown in

Figure 5. Two of the 3 subjects showed the
transfer of function during the first transfer
test. The 3rd subject showed above-chance
performance but dropped out of the experi-
ment before retraining could occur. Subjects
required 230 to 312 trials to acquire the con-
ditional discriminations. Each required 90 tri-
als to establish the B stimuli as effective con-
sequences. All 3 subjects met criterion on the
conditional equivalence tests (see Figure 5).
Subjects 3 and 5 also reached criterion on the
transfer of function test, requiring four and
two 15-trial blocks, respectively.

Subject 8 met criterion on both the sym-
metry and the equivalence tests. However, af-
ter six blocks of transfer test trials, this sub-
ject's scores ranged from 73% to 40% correct.
Overall, he sorted 51 of 90 correctly while
chance would yield 33% correct (30 of 90), a
statistically significant difference when as-
sessed using a binomial test (z = 2.01, p <
.05). Before retraining and a second test, the
subject left the experiment because of time con-
straints.
The results of Experiment 3 provide evi-

dence for the transfer of consequential func-
tions through conditional equivalence classes.
To pass the transfer test, the subjects had to
treat both C1 and C3 as correct in one context
and incorrect in another. Subject 8 did not
show the effect clearly. This subject also failed
to show transfer of consequential functions in
Experiment 1 until having had extensive train-
ing. Extensive retraining with the more com-
plex situation offered in Experiment 3 could
not occur because the subject discontinued par-
ticipation.

There are still several interpretive ambi-
guities with the results from Experiments 1,
2, and 3.
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1. Subjects may respond to one of the feed-
back stimuli as though it means "correct" and
the other as though it means "incorrect" even
without conditional discrimination training.
When subjects failed a transfer test, they tended
to do so by responding consistently incorrectly
(e.g., see Subjects 7, 8, and 9 in Figure 3 or
Subject 24 in Figure 4), as if they had assigned
reverse meanings to the consequential stimuli
than those expected. This effect has been seen
in several previous transfer of function studies
(e.g., Hayes et al., 1987). In the present ex-
periments, all subjects had a history with the
sorting task prior to transfer testing. Thus,
direct experimental histories and similar extra
experimental histories may have established
that stimuli presented in the upper right corner
of the screen following sorting trials were con-
sequences of some kind and thus must have
meant either "correct' or "incorrect." Without
derived equivalence relations between the B
and C stimuli, the specific valence of these
consequences may be determined by idiosyn-
cratic histories (e.g., one C stimulus may "look
good" to the subject). When equivalence re-
lations between the B and C stimuli are de-
rived, specific consequential functions may be
due to the transfer of functions via equivalence
relations. This distinction between general
consequential functions and specific conse-
quential functions was examined in Experi-
ment 4.

2. Especially if general consequential func-
tions are established by the structure of the
task itself, repeated training or testing or ex-
tensive exposure to testing problems may pro-
vide feedback regarding the assigned functions
of the C stimuli. If one were to put this process
into words, it would be something like, "This
apparently is not working because I am seeing
the same problem over and over. One of these
figures must mean correct. Maybe I've as-
signed them incorrectly. Let's try reversing the
assignment." An attempt was made to mini-
mize this factor by limiting recycling and the
length of the transfer test. Nevertheless, meet-
ing criterion in the transfer test terminated the
experiments-recycling was contingent. To
control for possible effects due to contingent
training or testing, in Experiment 4 sorting
tasks occurred one at a time for a set length,
and both the number of sorting tasks and the
number of testing phases were the same for
all subjects. In addition, each sorting problem

was presented only a small number of times,
regardless of performance.

3. In the previous experiments, the sorting
task had three sorting choices. Subjects might
conclude that the feedback stimulus shown only
after one placement in a given problem meant
"correct," whereas the feedback stimulus
shown after either of the other two placement
options meant "incorrect." Up to 30 exposures
to a given sorting stimulus were possible within
a transfer test, which could provide sufficient
opportunity to notice the relation. In Exper-
iment 4, a two-choice sorting task was used to
eliminate this possibility.

4. There was little control for stimulus pref-
erences in Experiments 1 and 2; C1 and C3
might have functioned as a reinforcer and pun-
isher, respectively, because of their physical
appearance. Each C stimulus was used as a
reinforcer or punisher for an equal number of
subjects in Experiment 4.

EXPERIMENT 4
METHOD

Subjects and Procedure
Forty-four naive subjects, similar to those in

the other experiments, served in Experiment 4.
The procedure (including instructions) was

identical to that in Experiment 1 with the fol-
lowing exceptions:

1. The transfer task consisted of 20 problems
that were presented sequentially. Subjects were
shown a randomly generated nonsense syllable
five times in a row. Only two bins were pro-
vided for sorting. After five sorts, regardless of
performance, a new syllable was generated for
sorting. This procedure eliminated the contin-
gency between performance in the test and the
length of testing.

2. The same sorting procedure (described
above) was used to train the original conse-
quential functions for the Bi and B3 stimuli.
Each of the 20 syllables was sorted five times
each. If the last four sorts of a given syllable
were correct, the problem was considered to
be solved. The criterion for each part of the
training of consequential functions (the part
using the tone, verbal feedback, and B stimuli;
the part using the verbal feedback and B stim-
uli; and the part using the B stimuli) was that
the last 10 problems in a block were solved
correctly. If criterion was not reached in train-
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ing using the tone, verbal feedback, and B
stimuli or training using the verbal feedback
and B stimuli, additional sorting problems were
added until 10 problems in a row were solved.
If criterion was not reached in training using
only the B stimuli, training using the tone,
verbal feedback, and B stimuli recommenced.

3. To avoid any contingency between per-
formance and the number of testing phases, a
blind recycling procedure was used. After sub-
jects had learned the consequential functions,
had learned the conditional discriminations in
the matching-to-sample task, and had been ex-
posed to the transfer test, they were then re-
trained to criterion on the original consequen-
tial functions and conditional discriminations
regardless of their performance in the transfer
test. A final transfer test concluded the exper-
iment.

4. Half of the subjects were in a control
condition. These subjects received different
stimuli in the matching-to-sample task from
the original Cl and C3 stimuli, but, like the
experimental subjects, were shown the original
Cl and C3 stimuli (which the control subjects
had never seen before) as feedback stimuli in
the transfer task.

5. To control for possible stimulus prefer-
ences, half of the subjects in both the experi-
mental and control conditions had C 1 assigned
to be correct and C3 assigned to be incorrect;
half had reversed assignments. For the exper-
imental subjects, this reversal was accom-
plished by training that (using the original
stimulus names) formed the classes Al, Bi,
C3; A2, B2, C2; A3, B3, Cl, rather than Al,
Bi, Cl; A2, B2, C2; A3, B3, C3. Because the
control subjects did not see the original C1 and
C3 stimuli until the transfer test, the "reversed
assignment" for them was simply a matter of
how their performances in the transfer task
were evaluated by the experimenter.

RESULTS AND DISCUSSION
Experimental subjects solved an average of

18.6 of 20 sorting problems in Test 1 and 20
of 20 in Test 2 (see Table 1). A solved problem
was defined as one that was sorted correctly
on the last four trials of a given five-trial sort-
ing problem. The control subjects solved an
average of 12 of 20 problems in the first trans-
fer test and 13.6 in the second test. Eighteen
of 22 subjects reached criterion in the first

Table 1

Number of sorting tasks reaching criterion (out of 20) in
Experiment 4.

Experimental Control
condition condition

Subject Test 1 Test 2 Subject Test 1 Test 2

Cl, correct; C3, incorrect
1 20 20 12 18 20
2 20 20 13 18 20
3 20 20 14 8 7
4 20 20 15 19 20
5 20 20 16 20 20
6 20 20 17 0 20
7 19 20 18 20 20
8 18 a 19 20 20
9 20 20 20 4 5
10 20 20 21 18 20
11 16 20 22 9 6
M 19.4 20.0 14.0 16.2
Cl, incorrect; C3, correct
23 14 a 34 20 20
24 20 20 35 7 17
25 20 20 36 0 0
26 20 20 37 3 1
27 20 20 38 20 15
28 20 20 39 4 11
29 20 20 40 17 16
30 14 20 41 20 20
31 20 20 42 0 0
32 8 20 43 0 0
33 20 20 44 19 20
M 17.8 20.0 10.0 10.9
GrandM 18.6 20.0 12.0 13.6

a Subjects left experiment before finishing. Subject 23
could not complete the retraining and then discontinued
participation.

transfer test (using the usual 90% correct cri-
terion, or 18 of 20 problems solved), and 20
of 20 subjects (2 subjects dropped out) did so
in Test 2. In contrast, 11 of 20 control subjects
reached criterion in both Tests 1 and 2. The
difference between the number of subjects in
the experimental and control groups reaching
criterion was statistically significant (p < .05)
for both Tests 1 and 2 (Test 1: df = 1, x2 =
4.95; Test 2: df= 1, x2 = 13.55). The difference
between the number of problems solved by
subjects in the two groups was also statistically
significant when examined with a Mann-
Whitney U test (Test 1: z = 3.00; Test 2: z =
2.09). These two analyses were not corrected
for ties, which yields a more conservative test.
Most subjects tended to act as if one of the

feedback stimuli meant "correct" and one
meant "incorrect." If possible scores are di-
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vided into thirds, only 6 of 86 test scores fell
into the middle range of 7 through 13. One
was in the experimental group (Subject 32,
Test 1), and five in the control group (Subject
14, Tests 1 and 2; Subject 22, Test 1; Subject
35, Test 1; and Subject 39, Test 2). Many
control subjects solved all the problems cor-
rectly; others solved no problems. In both cases,
however, the consequences were being re-
sponded to consistently (i.e., the zero scores
were not due to random sorting patterns but
to reverse assignment of consequential func-
tions). For most (but not all) subjects, the C
stimuli had general consequential functions
even without the involvement of equivalence
relations. The specific direction of consequen-
tial functions was not determined by the phys-
ical form of the C stimuli but by idiosyncratic
preferences by the control subjects and by de-
rived equivalence relations for the experimen-
tal subjects.
There is little indication that subjects took

the recycling to indicate incorrectness and thus
changed their performance, or that they
changed their performance for other reasons.
Again dividing scores into thirds, only 1 subject
(17) had a score in an extreme third in Test
1 followed by a score in the other extreme third
in Test 2. This makes more plausible the view
that changes of assignment seen in earlier ex-
periments (Subjects 7, 8, and 24) were due to
interposed equivalence training or testing.

Finally, Experiment 4 controlled for the
possibility that different frequencies of feed-
back stimuli could have explained the sorting
results from Experiments 1, 2, and 3. The
sorting task used in Experiment 4 had only
two choices. As such, subjects could not have
derived which feedback stimulus meant "cor-
rect" or "incorrect" by the number of posi-
tional assignments producing the stimulus.

GENERAL DISCUSSION
The present experiments were designed to

determine whether consequential functions
given to a member of an equivalence class will
transfer to other members of the class without
explicit training. The data suggest that they
will. This transfer seems to occur whether the
function is established before or after the un-
derlying conditional discriminations are trained
and, for most subjects, does not depend on the
presence of the usual equivalence test for its

occurrence. Consequential functions also
transfer through conditional equivalence
classes, such that the functions of a given stim-
ulus can be reversed in each of two contextual
conditions in accordance with the relations de-
rived in those conditions.
The consequential functions that have been

shown to transfer, however, are specific, not
general. It was found in Experiment 4 that
even novel feedback stimuli can have rein-
forcing or punishing functions. Nevertheless,
when given the opportunity to assign specific
consequential functions on the basis of equiv-
alence, all but 1 of the 35 subjects in Exper-
iment 4 apparently did so after sufficient ex-
posure to the task. This consistency across
subjects does not seem to be due to incidental
pairing of stimuli, contingent training or test-
ing, or physical properties of the stimuli them-
selves. It is the relative consistency of the effect,
especially when contrasted to the performance
of the control subjects, that provides the stron-
gest evidence for the derivation of specific con-
sequential functions via the transfer of func-
tions through equivalence relations.
The transfer of stimulus functions is not

immediate or automatic. Several subjects (e.g.,
Subjects 7 and 8 in Experiment 1, Subject 24
in Experiment 2) showed the transfer only
over time, and one did not show it at all (Sub-
ject 9 in Experiment 1). An important point
is that it seems logically necessary that the
transfer of functions through equivalence
classes be under contextual control (Hayes,
1991; Hayes & Hayes, 1989). Any stimulus
event has many functions, at least of a per-
ceptual sort. If all the stimulus functions of a
stimulus transferred completely to another
stimulus and vice versa, there could be no psy-
chological basis upon which to distinguish
them. Thus, how are subjects to know that it
is the consequential functions of "correct" that
are to transfer, and not, say, the visual functions
or auditory functions? In the present case, the
sorting context, the placement of the conse-
quential stimuli, and so on, may have selected
the specific consequential functions of the B
stimuli as relevant to the C stimuli and not
other functions of the B stimuli, such as their
shape, odor, or texture. In another context,
other functions could be selected.

Pursuing answers to questions about trans-
fer will be difficult and will raise issues that
are already pervasive in human operant re-
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search. Human subjects have extensive preex-
perimental histories, particularly verbal ones,
and are actively verbally construing experi-
mental preparations. Minor details of proce-
dure can provide the basis for responding.
Consider, for example, the cues that might
permit novel stimuli following a response to
function as feedback. Extensive preexperi-
mental histories (putting aside for the moment
the experimental instructions themselves) may
lead the subject to identify aspects of a task as
a "problem to be solved." Some kind of feed-
back-whether arbitrary or intrinsic to the task
itself-would be expected in such a situation.
There is no other way to detect achievement
of a "solution." Response-produced stimuli
could be taken to mean either "correct" or
"incorrect" on this basis alone. In addition, the
present preparation provided experimental
histories of this kind. For all subjects, the con-
sequential effects of the B stimuli were trained
in the sorting task by presenting verbal feed-
back and tones and placing the B stimuli in
the upper right hand corner of the screen. When
novel stimuli (for control subjects in Experi-
ment 4) later appeared, their position on the
screen and their relation to task completion
(having just pressed the enter key) may have
defined these cues as "feedback" on the basis
of stimulus generalization. In addition, similar
tones were used as feedback in both the con-
ditional discrimination training and as part of
the sequence used to establish the B stimuli as
consequences. Because the tones were clearly
feedback and the B stimuli were clearly feed-
back, by extension, the novel stimuli must be
feedback.
The presence of general effects of this kind

can be inferred in already published studies.
All of the control subjects in Hayes et al. (1987),
for example, showed either 0% or 100% correct
performances on the transfer of either discrim-
inative or reinforcement functions. Several
strategies might be useful to detect, manipu-
late, or control for the variables involved in
transfer-of-function studies. These include the
strategies discussed next.

Use of Novel or Nonequivalent Stimuli
Whenever transfer apparently due to equiv-

alence is assessed, it is important to assess the
effects of the same stimuli when they are novel
or known but not members of the equivalence
relations of interest. Experiment 4 provides an

example of the novel stimuli option. It might
also have been possible to train four or more
classes, and then to place the tested stimuli
into classes without members that have the
function of interest. In that manner, control
stimuli would be familiar and would be mem-
bers of equivalence relations, but without other
derived response functions on the basis of
equivalence.

Use of Developmentally Delayed Populations
Developmentally delayed populations might

be used to attempt to reduce the effect of his-
tory. If, for example, Experiment 4 were re-
peated with this population and control sub-
jects responded randomly while experimental
subjects responded systematically, then (a) the
transfer of general and specific consequential
functions would have been shown and (b) ex-
traexperimental histories will have been im-
plicated further as a source of general conse-
quential effects. In such a scenario, the role of
history would have to be distinguished from
whatever factors were responsible for the de-
velopmental delay itself.

Use of Very Young Normal Populations
The use of very young normal children may

provide another experimental avenue, unen-
cumbered by issues presented by developmen-
tally delayed populations. This will be diffi-
cult. Normal children as young as 24 months
of age already show equivalence readily (De-
vany et al., 1986), and pilot work in our lab-
oratory has identified derived symmetry and
exclusion in a normal 16-month-old child. Ex-
tremely young children are extraordinarily dif-
ficult to work with. They will perform a task
for only brief periods of time and thus require
many sessions for even the most rudimentary
forms of training. Transfer-of-function studies
are among the most difficult studies to conduct
in the equivalence area, often taking several
hours in some cases for a normal adult to com-
plete. With an infant, these same studies could
take many months (if they could be completed
at all) and, by the time the data were collected,
the children could easily already have fairly
extensive verbal histories. If, however, such
studies could be conducted, they could be very
worthwhile. They warrant our best experi-
mental efforts.
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Listening for the Bark of the Silent Dog
Another avenue of approach with adult pop-

ulations is the "talk-aloud" method, in which
subjects are asked to describe their thoughts
continually as they engage in a task. This has
just begun to be used fruitfully in the equiv-
alence area (Wulfert, Dougher, & Greenway,
in press). It has been argued (Hayes, 1986)
that in certain complex situations, the talk-
aloud method can yield information about
self-verbalizations with some assurance of re-
liability. In this so-called "silent dog" proce-
dure, task performance must be assessed in a
no-talk condition, a talk-aloud condition, and
with different variations of disrupted talk aloud
(e.g., asking subjects to summarize their
thoughts within intervals). If task performance
is the same in the first two conditions but dif-
ferent in the last condition and its variants, it
is argued that the lack of effect for talking
aloud comes because subjects are already doing
something quite similar in the no-talk condi-
tion (Hayes, 1986). In other words, the talk
is veridical. As it applies to the present ques-
tion, the source of general consequential and
specific consequential functions might be de-
tectable with analysis of talk-aloud protocols
(Ericsson & Simon, 1984), especially if the
silent-dog procedure is employed successfully.

Direct Manipulation of Contextual and
Historical Effects
As noted above, neither equivalence nor the

transfer of functions through equivalence seems
to be an automatic process. Equivalence class
formation itself also seems logically to be under
contextual control (Hayes, 1991; Hayes &
Hayes, 1989). According to this line of rea-
soning, the functional reversibility of condi-
tional and discriminative stimuli would be
highly destructive in many contexts and, thus,
subjects who failed to form equivalence classes
only in certain contexts would quickly be
weeded out. Only in the realm of social con-
ventions can the development of bidirectional
stimulus relations be made to pay off hand-
somely. These contextual cues or settings might
include particular kinds of equivalence tests
(Devany et al., 1986; Sidman & Tailby, 1982),
an experimental history of equivalence class
formation (Kennedy & Laitinen, 1988), a di-
rect history with relational contextual cues
(Steele & Hayes, in press), instructions, and
similar setting factors.

Contextual control over stimulus-function
transfer via equivalence relations has also been
demonstrated (Wulfert & Hayes, 1988). This
kind of contextual control may be important
to understanding the effects of certain verbal
stimuli. Consider the question, "What does a
lemon taste like?" The word "taste" may be
thought of as a context in which the gustatory
functions of lemons are activated by the word
"lemon," which participates in an equivalence
relation with lemons. The word "feel" in the
question, "What does a lemon feel like?," might
occasion the transfer of tactile functions.
As this applies to the kinds of work needed

in transfer-of-function studies, it may be pos-
sible to bring the process of acquiring equiv-
alence (not the composition of classes, but re-
lating itself) and both general and specific
stimulus functions under contextual control by
deliberately manipulating contextual and his-
torical conditions. By manipulating these pro-
cesses, rather than simply allowing them to
occur naturally, more specific information may
be obtained about the processes through which
contextual cues and history exert control over
equivalence and the transfer of functions
through equivalence.

Attention to the Kinds of Derived
Relations Involved
Many of the published studies on transfer

of functions through equivalence classes have
examined transfers only between samples and
reinforced comparisons (Catania et al., 1989;
Gatch & Osborne, 1989; Lazar, 1977; Lazar
& Kotlarchyk, 1986). This arrangement per-
mits an appeal to processes such as pairing or
stimulus compounding to explain transfer, be-
cause the stimulus with the trained function
is related directly to the stimulus tested for
transfer. At most, it requires an appeal only
to symmetry, not to a derived equivalence re-
lation in the definitional sense identified by
Fields, Verhave, and Fath (1984). In the pres-
ent study, the relation between those stimuli
given consequential functions directly (the B
stimuli) and those stimuli tested for transfer
(the C stimuli) was entirely indirect. In Ex-
periment 2, the B and C stimuli were never
even seen together. Thus, the observed transfer
effects cannot be explained readily on the basis
of direct training. Transfer studies will need
to attend more precisely to the kinds of derived
relations involved in such performances.
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Development of More Adequate Theoretical
Accounts
The very complexity of questions about se-

mantic relations demands more attention to
theoretical development that can narrow the
range of variables that need to be considered.
Stimulus equivalence does not explain the
present results. Equivalence is an outcome
concept. Until the process that establishes
equivalence and related phemonena is under-
stood, all we can say is that when equivalence
forms, these kinds of transfer are likely. The
means by which equivalence classes form and
such transfer occurs is at present unknown.
Some researchers feel that such an account is
unlikely, arguing that equivalence is a basic
stimulus function produced by biological evo-

lution (Sidman, 1990) and focusing instead on
the procedural conditions under which this bi-
ologically determined process can operate (Sid-
man, 1986). We have attempted to account for
equivalence on the basis of a history of arbi-
trarily applicable relational responding (Hayes,
1991; Hayes & Hayes, 1989; Steele & Hayes,
in press), but the evidence on either view is
slim. In addition, transfer of stimulus functions
alone does not provide evidence for stimulus
equivalence (Hayes, 1989a; cf. Vaughan, 1988)
because a variety of other psychological pro-
cesses (e.g., stimulus generalization, classical
conditioning) can produce the transfer of stim-
ulus functions.
An example of the kinds of theoretical issues

requiring greater attention is the distinction
between functional and equivalence classes
(Hayes, 1989a; Saunders, 1989; Sidman,
Wynne, Maguire, & Barnes, 1989; Vaughan,
1988, 1989). It is not yet clear if entirely new
functions given to members of preexisting
functional classes will transfer through these
classes in the absence of equivalence relations
(cf. Sidman et al., 1989). Work with both hu-
mans and nonhumans is needed, especially if
humans use the functional class preparation
to derive equivalence relations. Preparations
are not processes. For example, we know that
a conditional discrimination preparation can
give rise to equivalence relations in humans
that are not yet seen in nonhumans, even when
the same conditional discriminations are ac-

quired. Thus, conditional discriminations alone
cannot provide a process account of equiva-
lence, because the same procedure leads to dif-

ferent results-each requiring an account.
Similarly, a functional class preparation can
lead to equivalence in humans but does not
always do so (Sidman et al., 1989), and on
that basis alone it seems unlikely that equiv-
alence is due to functional class formation as
a process (Sidman, 1990).
The present results may have implications

for the analysis of symbolic control and gen-
eralization in verbal organisms (Spradlin &
Saunders, 1984). The growing literature on
rule-governed behavior (Hayes, 1989b) sug-
gests that behavior under verbal control may
differ from other behavior, particularly in terms
of the psychological processes involved. It has
already been shown that extraordinarily elab-
orate networks of stimulus relations can be
established in equivalence training (e.g., Sid-
man et al., 1985; Steele & Hayes, in press).
The derived stimulus relations may themselves
be brought under conditional control (Bush,
Sidman, & de Rose, 1989; Kennedy & Lai-
tinen, 1988; Wulfert & Hayes, 1988). If ex-
periences with a given stimulus event can affect
the psychological functions of stimuli related
to that event, and do so under conditional con-
trol, then instances of generalization may occur
that have a degree of indirectness, scope, and
precision that could not readily occur other-
wise. These effects may allow us to acquire
behavior that could never be learned directly.
Such effects have long been noted (e.g., the
literature on semantic generalization), but there
has not been a basic psychological process to
account for them. Equivalence may constitute
the beginning of such an account. Thus, con-
trol by verbal stimuli may differ from other
kinds of stimulus control in the bidirectional
flow of the effects of experience and in the
extreme degree of precision, scope, and indi-
rectness permitted by conditionally controlled
networks of verbal stimuli.

These effects may not always be beneficial
or desirable. As has been argued elsewhere
(Hayes & Hayes, 1989; Hayes, Kohlenberg,
& Melancon, 1989; Hayes, Zettle, & Rosen-
farb, 1989), transfer of functions through re-
lational networks may, under some conditions,
establish an unhealthy degree of insensitivity
to direct contingencies (cf. Hayes, Brownstein,
Haas, & Greenway, 1986; Shimoff, Mat-
thews, & Catania, 1986), excessive control by
social contingencies (e.g., Hayes, Brownstein,
Zettle, Rosenfarb, & Korn, 1986), improper
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comparisons of a person's directly experienced
environment to a verbally established ideal (cf.
Ellis, 1977; Freud, 1956; Rogers, 1961), and
similar unhappy effects. In the interests of ad-
vancing human functioning, it seems impor-
tant to learn both how to establish and how
to moderate control by verbal stimuli. The
transfer of psychological functions through
equivalence relations may provide the begin-
nings of a working model of verbal control
amenable to such behavior-analytic research.
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